JAERI-M
6935

SUPERTOG-JR, A CODE GENERATING TRANSPORT
GROUP CONSTANTS, ENERGY DEPOSITION
COEFFICIENTS AND ATOMIC
DISPLACEMENT CONSTANTS WITH ENDF /B

February 1977

Y. TAJI, T. OKADA; K. MINAMI,* S. MIYASAKA

B & B F H & & m
Japan Atomic Energy Research Institute



Co s T AR ST JARREM b oAl- b L L, AT L 1w
ghpe i e AT WL B B o L, AN A P Al R (R

EHGE AT ) wT, L L O E e

H

JATRIM reports, issued irregularly, deseribe e results of research works carried out

in JAERL Inquiries about the availability of reports and their repraduction should be

addressed 1o Division of Techinical Inlormation, Japan Atomic Fnergy Research Institute,

Tekai-mura, Naka-gun, Ibaraki ken, japan.

[ OEE—



JAERI-M 6935

SUPERTOG-JR, A Code generating Transport Group Constants,
Energy Deposition Coefficients and Atomic Displacement

Constants with ENDF/B

Yukichi TAJl, Takamitsu OKADA,F , Kazuyoshi MINAMI)F
and Shun-ichi MIYASAKA

Division of Reactor Engineering, Tokai, JAERI

(Received January 26, 1977)

SUPERTOG- JR generates (a) the neutron cross sections for neutron transport calcula-
tion and (b) the energy deposition coefficienfs and the atomic displacement cross sections.

The function (a) is the same as in SUPERTOG-3 except the addition of an optional
routine generating the inelastic scattering matrix in the level density model. The function
(b} developed newly treats both in nearly the some mathematical formulae except for the
conversion scheme of kinetic energy of neutrons onto the material atoms. The displacement

cross section is calculated with the Lindhard model.

#*) Fujitsu Limited
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1. Introduction

For design and analysis of réactor shield, it is required to
estimate various quantities, such as detector reaction rates, biological
doses, energy depositions and radiation damages. These quantities are
obtained by multiplying the fluxes in the shield by response functions
of required reactios. Among these response functions, energy deposi-
tion coefficients and damage functions (atomic displacement constants)
can be generated from the basic data given in ENDF/B,

The multigroup cross section production code SUPERTOG is widely
used as a standard process code for use in the Sp-type transport code.
In order to increase the utility of the code, we add the capability to
produce energy deposition coefficients and atomic displacement comstants.
Both these constants represent the effect of the kinetic energy of
neutrons transferring to medium atoms and, therefore, can be generated
in almost the same calculation flow. The formulation for the displace-
ment cross sections depends mainly on Doran's work, 3)

In addition, some optional functions are added to the code. One is
the option for calculating the Legendre coefficients from tabular data
given in ENDF/B-4 libraries for the angular distribution of secondary
neutrons in elastic scattering. The other is the generation of
inelastic scattering matrices in the continuum excited level region on
the basis of so-called the level density model.%) This formulation
depends on the Yamakoshi work. 5)

Sections 2 to 4 of this report present the mathematical models
used for these calculations. Sections 5 and 6 provide input description

and sample input/output, respectively.
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2. Elastic Scattering Matrix

The original SUPERTOG code can compute the elastic scattering
matrices only when the angular distribution of secondary neutrons is
given in the form of Legendre coefficients (in ENDF/B file 4). In
the SUPERTOG~JR code, when this angular distribution is given by tabular
data, these data are converted to Legendre coefficients to compute the

elastic scattering matrices. The conversion is performed with
1
£ (E) = J T(u,E)Py(u)du , (1)
-1

where fy(E) is the Legendre coefficient for the 2-th order and T(u,E)
represent the tabular data given in ENDF/B file 4.

3. 1Inelastic Scattering Matrix

A new option is added for generating inelastic scattering matrices
in the continuum excited level region, on the basis of so-called the
level density mode,”)S) other than the built-in evaporation model.

The probability P(E,E-c) that an incident neutron of energy E
remains in a residual nucleus of energy ¢ through the formation of a

compound nucleus is given by

P(E,E-e) = (E-e)og(E-e)W(e) , " (2)

-where og(E-c) is the cross section for the formation of the compound

nucleus and W(e) is the level density. The og is given“) in a good

approximation by:
ac(E) = [(0.76+2.24~1/3)+(2.1242/3-0.05) /EIRZnA%/3,  (3)

where A is the mass of the residual nucleus and R = 1.5 x 10713 XA1/3(cm).

Defining the parameters as U= ¢ - & and Ug = 2.5 + 150/A where ¢ is

the pairing energy depending on the atomic number density N and Z,
the level densities Wj and Wy are expressed respectively for the high

and low energy regions as follows:

Wie) = exp(Z/Eﬁ)/(lZJECIalluUslq), for U 2z Ug (&)
Wy (e) = T exp{Ic(e~Eg)} , for U < Ug, (5)

....2_
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where A is the mass of the residual nucleus and R = 1.5x 10713 XA1/3(cm).
Defining the parameters as U= ¢ - § and Ug = 2.5 + 150/A where § is

the pairing energy depending on the atomic number density N and Z,
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Wo(e) = Tg exp{Tc(e-Eg)} , for U < Ug, (5)

._2_
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where
6 = 0.0888 A%2/3 Jau
Eg = Ug + & - {log(Wy(e)/T)}/Tg
TC=a/UC-5JIﬁEs

and a is given theoretically by Newton or semi-empirically by Gilbert

and Cameron as follows:
a=0.154 (Jg + Iy + 1) alls (6)

where-jz and jN are respectively the average spin pf protons and

neutrons in the nucleus. Equation (6) can be rewritten as
a = A (0.009175 + 0.142), (7

where § represents the effect of shells of neutrons and protons.

s et x| e il
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4. Atomic Displacement Constant and Heat Generation Coefficient

The atomic displacement constant and heat generation coefficient
are generated by the new option LINKé=1 in SUPERTOG-JR in the same form
as the activity cross sectioms. Both the constants represent the effect
of the kinetic energy of neutrons transferring to medium atoms and,
therefore, can be geﬁerated at the same time in the calculation flow.

In the heat generation coefficient,-all the kinetic énergy transferred
on the medium atom is calculated as the energy deposition. On the other
hand, in the displacement cross section, only the energy contributing to
displace medium atoms in a cascade initiated by primary knock-on atoms
is calculated for obtaining the number of displaced atoms. The
formulation depends mainly on Doran's work.3)

In RADHEAT version 2,6) the heat generation coefficient was obtained
from the group constant an& the group transfer matrices. In the present
version, the heat generation coefficient as well as displacement cross
section is generated directly from ENDF/B data.

The general expressions for the displacement cross section F(E) and
the heat generation coefficient H(E) at the neutron energy E are

respectively written as

TRax 1 do(E d

FE) = om/f  [E 980y & yumyar (8)
Eg
Tma.x

H(E) = o(E)S [% 99%:—?1] g-,% (E,$)T dT, (9)
0

where o(E) is an appropriate interaction cross section, dfi the element

of solid angle, ¢ the scattering angle in the center of mass (CM) system,

‘v(T) the number of displacement per primary knock-on atom (PKA), T the

kinetic energy of PKA in the laboratory system, TM8X = YE the maximum

possible PKA energy corresponding to a head-on cellison ($=180°), and

Eq the effective displacement threshold energy. The number of dis-

placement v(T} is defined by

L(e) T
e 2Eg ?

v(T) = (10)

where L(g) is the kinetic energy transferred to atoms of a cascade

initiated by a PKA of dimensionless energy £, and it is given by
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L(e) = e/{l+¥ke(e)} ,
g(e) = ¢ +0.40244 ¢3/%+3.4008 £1/6
Ky = 0.133 z2/3a71/2 (11)

e = AT = 0.01151T 2 7/3

where A and Z are respectively the atomic weight and number. A general
expreséion relating T, E, ¢, and Ep, the energy of the scattered neutron

in the CM system, is found from the conservation of momentum:

T = ninzE + (T']]_/nz)Em - 2n1VEEy cos ¢, (12)
where
_ 1.009
17717009 +4a °
A

N2 7 77009 + A :

4,1 Elastic Scattering

. 2
For elastic scattering, the emergy conservation gives Ep = an

T =

AT

YE(1L - cos¢) (13)

where vy = 4nin, and therefore

df dcos¢ _ 4m _ _4r
et T TP Tar TR e )

The probability PtE,u) that a neutron of energy E is scattered at

1

angle of cos “u is written as

- .2mn_do
NL
p 222 £ @rg )
=0

where fg(E) is given in File 4 of ENDF/B. Equation (8) is now rewritten

as
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hro(B) 1 d
mo (o)
F(E) = —max /[ g (B, ]w(D)dT
Ed
NL 1-¢
Ea(E -+
-1 Z 2 ;%31 £0(E) / Py(WG(,E)dy , (15)
Ed =0 -1
where
- 1-u
CGHE) = T Z (D)
284
£ = Tmax ’

and Eq. (9) becomes in the same manner as Eq. (8) as follows:

1
H(E) = o(E)S P(E,wWT(E,u)du
-1
- Zo@-£1®)] . (16)

4,2 Inelastic Scattering
Inelastic scattering is treated by dividing it into the resolved
part and the continuum part. The contribution from resolved levels to

the displacement cross section is given by
F(E) = £ F4(E) , _ @an
i

where F{(E) is the displacement cross section due to the i-th level.

Energy conservation for an inelastic event yields
Ep = na(nzE-Q3) : (18)

where Qi is the nuclear excitation energy for the i-th level and‘Em is
the energy of the scattered neutron. Substituting Eq. (18) into (12),

we get

' Ty = 0.5Y{E~wE(E-Qi/ns)} —-Qim (19)
d‘Q - A1 . (20)

daT  y/E(E-Q1/n,)
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Therefore it gives

Tt
200 " p (g, u(E,T) Jv(DdT , (21)
YVE(E-Q;/ny) Ty~

F (E) =

where o;(E) is the inelastic cross section for the i-th level, and Ti+
and Ty~ are respectively the upper and lower limits of Tj. Assuming
the isotropic angular distribution, Eq. (21) is reduced to

o 1
-5 L vITi(E,p)]du

Fi(E)

1 fl T3 (Ey 1) ;
AEd -1 1+kLg[ALTi(E,]J)] H

(22)

Equation (9) becomes

H(E) = I Hj(E)

1

2

in 1 1
oy (B} 3 T1 (E,u)du
i -1

in
I (G E-Qqnida (E) (23)
i B
At high neutron energies, the inelastic scattering is described
in an evaporation model characterized by an effective evaporation temr
perature 6(E). In this model, the energy Ep of the scattered neutron

(CM system) is distributed as

E
f(E,Ep) = E?E?ET exp (- %?) . (24)

where ‘
I(E,0) = 62[1-(1+E$ax/a)exp(-ETX/S)},

max
Em - ﬂz(ﬂzE"Ql) .

The Q; is the lowest energy level in the resolved region. The upper
and lower limits of T are respectively written as

+

T™ = ningE + (n1/no)Ey, * 2n1VEEy , (25)
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In addition, we have

d
a8 = _o . cos 6 _ b ] (26)

a7 dT Ny VEE,

Assuming the isotropic angular distribution, Eq. (8) is reduced to

ERAX(E) T' (Ep)

in v(T)
(E)J I F(E B ) — st
0 T=(Ep) " 4y VEEy

F(E) dTdEy,

ER?*(E) 1 Ep T(E,E ,u)

1 i 1
in IO J Emexp( )Wl+k T8 (ALT)

o {E) TES)

dudE

2 E 1 E_ T(E,E
ns m me M)
1(E,8) f dE'S duEnexp (=) To S (aT)

E, -1

(27)

where in the last line Ej = n,(n,E'-Q;) and E, = n,/Q;.
Equation (9) gives, in the same manner as shown above,
plhax
in m
(E)S f(E, Em)(nlan'+—“Em)dEm
0

H(E)
. Emax Elax Emax
l-exp|- ;‘ 1+ -+1( )2)]

Emax gBax
l+exp [- 1:; (1+ 5

B

il

i np
o n(E){nlan-FEE-2e }

)]
(28)

In the present program, when the inelastic scattering in the continuum
part is not treated in the evaporation model, the displacement cross

section and the heat generation coefficient are not calculated.

4,3 (n,2n) Reaction

In this program the so-called l-neutron model is used. This model
differs from the evaporation model only in that Ef®* is determined by
Eq. (18) with Q; replaced by the (n,Zh).threShold energy. Equation (12)

can therefore be expressed as

AT A-1 5 M1/ mey1/2 :
T = A-1 n, Eyn + A T, z(ng) (TEp) H (29)



JAERT-M 6935

where Tl = n1n2E+(n1/n2)Em is the mean recoil energy after the emission
of the first meutron and Ey' is the energy of the second neutron.

Assuming E, = Ep', it becomes

- _ E
A-1 1 A-1 g_ [ m(_._é.E.___ +._EAI_H.)]1/21J_ (30)

+=Ey - E
(a+1)2 A1 a27T A (a+1)2

"The F(E) and H(E) are now obtained in the same manner as for the case

of the evaporation model.

4.4 (n,y) and (n, charged particle) Reactionms
For the {n,Y) reaction, the recoil energy is given for the residual

nucleus due to the neutron capture and the emission of gamma rays:

_E 1 [QHAE/(a+1)]2 |
T =51 + 2 Myp—y s (31)

where Q@ is the mass difference between the original nucleus and residual,

and Myp-y the mass of residual nucleus. The Q is given by

Q = (M+My = Myy_y)c?

(M+My - My ) X 931.478 MeV , (32)
Mp = 939.550/931.487 (neutron mass).

Equation (8) now becomes

1

F(E) Gn,Y(E)“(T)

1 T
on,vE) TR (T Eg (33)

Equation (9) gives
H(E) = On,y(E)T' . (34)

For the (n,p) and (n,c) reactions, the recoil energies are respectively

given, in the same manner as described above, in the following forms:
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Tn,p = E+(M+Mn-M+n_p—Mp)c2 , (35)
Tn,a = E+OHM =My, -M )c? , (36)
Mp = 938.256/931.478 (proton mass),

= 4.0026032 (alpha particle mass).

=2
=1
|

4.5 Fission Reaction

Only the heat generation coefficient is generated as to the fission
reaction. The energy released by the fission reaction is shown in
Table 1. The kinetic energies of the fission fragments and B-particles
are assumed to deposit at the fission point. Taking into account also
the recoil energies due to the incident and emitted neutrons and gamma

rays, H(E) is approximately given by

2
- E L 1 ' ' PR e DY
H(E) =04 (E) [hgthgt A+l+AF.p. S dE'SE(E')n(E")E +2MF.1=.‘52] (37)

where Ap,p, and My p, are respectively the sums of the atomic numbers
and masses of the two fission fragments, and Sg(E') and n(E') are
respectively the fission spectrum and the emitted number of neutrons

with energies of E’'.

Table 1 Energy release from fission of 235y(7)

h Light fragment 99.8 £ 1 MeV
f
Heavy fragment 68.4 + 0.7
hg f-decay of F.P. | 7.8
Fission neutrons 4.8
hy Prompt gamma rays 7.5, 8.518(8)
Delayed gamma rays 6.8, 6.650(8)

4.6 Method of Integrals and Group Averages

The integral with respect to . to obtain F(E) is performed with
the Gauss - Legendre method. The number of integral points is an input
for IMUNO (in 6% array). To calculate the group averaged values F(g)
and ﬁ(g), F(E) and H(E) are evaluated at NEPONT points (am input value
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in 6$ array) for each group. These values are averaged with the

following equations:

- E ' Egt1

F(g) = £ & W(E)R(E)AE/S © W(E)GE , |
Eg Eg (38)

_ Eg+l Eg+l

f(g) = / = WEH(EE/S © W(E)GE ,

where W(E) is the weighting function. The flow diagram of the cal-

culation of F(E) and H(E) is shown in Fig. 1.
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Fig. 1 General flow chart of the displacement
cross section and heat generationm

coefficient calculation
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data
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Calculate F(E) and H(E)
of (n,2n) reaction

TRANS

Store Legendre coefficient
f9(E) for elastic scattering

GADD

Collapse elastic cross section
(smooth+resonance) at NEPONT
polnts for each group and
store this result

TMF5KW

Store (m,n') energy
distribution of
secondary neutron in
continuum part

{

VDIMEN

Set a location of arrays
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Convert the format of
energy distribution
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of elastic scattering

FCNTR3

Calculate F(E) and H(E)
of (n,n') scattering
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Store (n,2n) energy distributions of
Lsecondary neutrons

FCNTR4%

Calculate F(E) and H(E)
of (n,v), (n,p), (n,n)
and fission reactions

(STOP }
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Input Description

Card No.l (415, 4E10.0)

Item Cols. Name
1 1-5 INALL
2 6-10 MATNO
3 11-15 LORDER
4 16-20 IREW
5 21-30 SIGP
6 " 31-40 AJIN
7 41-50 RFACT
8 51-60 SFACT

Card No.2 (1015, E10.0)
1 1-5 IDTAP
2 6-10 MODE
3 11-15 MCODE
4 16-20 MAXG

JAERI-M 6935

0 = only card number 1 and 4 are read.

all input cards are read.
ENDF/B tape material number.

Order of Py, for elastic scattering.

0
1 = ENDF/B tape is rewound
(IREW=1 for first material)

no effect

Potential scattering cross section per

resonance atom:
L
SIGP = (-512 - 47R2),

where I is the mixture macroscopic potential

P
cross section, N is the resonance isotope
number density, and 47R? is the resonance
isotope potential scattering

(SIGP=108 for infinite dilution).

Input value of J for unresolved resonance

calculation.
r-factor (for GAM update)

s-factor (for GAM update)

ENDF/B tape identification number.

[}

ENDF/B tape is in binary mode

2 = ENDF/B tape is in BCD mode.
1 = multigroup code is GAM-I (LORDER=1).
2 = multigroup code is GAM-II.

Number of energy groups.




i
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Item Cols.
3 21-25
6 26-30
7 31~-35
8 36-40
9 41-45
10

46-50

Name

TEU

Iw

ISPEC

IRES

IPUN

NO4O

JAERI-M 6935

= GAM-T 68 grouﬁ structure.
= GAM-II 99 group structure.

input energy group structure.

/oW
]

= input lethargy group structure.

= weighting function is 1/E.
= weighting function is 1.0.

= weighting function is input

oW
|

= weighting function is 1/E jointed with
a fission spectrum. A joint energy is
given by EEJOIN of this card.

5 = analytic 1/E.

6 = weighting function is 1/(E-Zy)
(This option is not used for a resonance
material).

) = crogs section averaging calculation.

1 = spectrum calculation.

Option for resolved resonance data.

0 = only the low energy resclved resonance
data are added to the smooth cross section.

1 = all resolved resonance data are added

to the smooth cross section as infinite
dilution cross sections.

2 = GAM-II output, of which the 2=0 resonances
are transfered and the %=1 resonances are

added to the smooth background.

no punched output.

1l

I

output in the GAM format.

output in the ANISN format.

0
1
2
3 = output in both the GAM and ANISN format,

Treatment of elastic spattering matrix for
thermal group

0 = no effect

1 = (MAXG>MAXG+1) is added to (MAXG>MAXG).
(The SUPERTOG assumes that the group (MAXG+1)
is the thermal group, but this option makes

the group MAXG into the thermal group.)



Item Cols. Name

11 51-61 EEJOIN

Card No.3 (61I5)

Options desired for the

1 1-5 LINK1
2 6-10 LINK2
3 11-15 LINK3
4 16-20 LINK4
5 21-25 LINKS
6 26-30 LINK6

Card(S) No.4

JAER1-M 6935

Energy in units of eV at which the fission
spectrum is jointed with 1/E. 1If the energy
does not given, this value is automatically

set to 6.74 keV.

SUPERTOG run.

= no
0 } resonance calculation
1 = yes
0 = no
} smooth cross sections
= yes
0 = no
} elastic scattering matrices
= yes

Inelastic scattering matrix.

0 = not calculate
1 = by ENDF/B data (same as original)
2 = continuum part is the Gilbert-Cameron's

level density model.
3 = continuum part is the Newton's level

density model.

no } (n,2n) scattering matrix

yes

no } displacement cross sections and

heat generation coefficients.

yes

This card is necessary only if LINK6=1l. These data are used

to calculate displacement cross sections and heat generation coefficients.

Card 4.1 (31I5)

1 1-5 IMUNO

2 6-10 NEPORT

Number of the angular mesh points in integral

calculation, normally 20,

Number of the energy mesh points for one group

in integral calculation, normally 10.



Ttem Cols. Name

3 11-15 NPRINT
Card 4.2 (6E10.0)

1 1-10 ED

2 11-20  AM

3 21~-30 AMNG

4 31-40 AMNP
.5 41-50 AMNA

6 51-60 HFR

The unit of the atomic weight is carbon-unit.

JAERI-M 6935

(o]
1

no effect

detailed print for fine groups

Effective displacement energy (eV).
Atomic weight of the nucleus on ground state.

Atomic weight of the residual nucleus for

(n,Y) reaction.

Atomic weight of the residual nucleus for

(n,p) reaction.

Atomic weight of the residual nucleus for

(n,a) reaction.
Kinetic energy of the fission fragment (eV).

If the recoil

energy due _to. the mass defference can be neglected, set AMNG=AMNP=

AMNA=0. 0.

Card(s) No.5

This is actually a card set necessary only if IW=3. The set

consists of the desired weighting function as tabulated values and the

interpolation tables defining the interpolation scheme to be used with

the tabulated values.
order of energy.

record.

Card 5.1 (44X,2I11)

1 45-55 N1l

2 56~66 N2
Card 5.2 - .... (6I11)

1 1-11 NBT(1)

2 12-22 JNT (1)

The weighting function must be given in ascending

The format of the card set is a standard ENDF/B TAB 1

Number of interpolation ranges.

Number of weighting function points.

Last point number in lst interpolation range.

Interpolation scheme for lst range.




Item Cols. Name

3 23-33 NBT(2)

4 34-44 JNT(2)
etc;
2¥N1-1 NBT (N1)
2%N1 JNG(N1)
Card 5.3 - . (5E11.4)

1 1-11 BLOCK3(1)

2 12-22 BLOCK4(1)

etc. using N2/3 cards

2*N2-1

2%N2

Card(s) No.6

This is actually a card set necessary only if IEU=3 or 4. The set
specifies the desired group structure.
energy boundaries of the structure given in ascending order of energy.

If TEU=4, the set gives the lethargy boundaries of the structure given

BLOCK3(N2)

BLOCK4(N2)

JAERT-M 6835

Last point number in

range.

Interpolation scheme

2nd interpolation

for 2nd range.

Last point number in N1 interpolation

range.

Interpolation scheme

First energy point (< lowest energy in group

structure).

for the N1 range.

Weight at this energy.

Last energy point (> highest energy in

group structure.

Weight at this energy.

in descending order of lethargy.

Card 6.1 (6El1l.4)

1 1-11

2 12-22

etc. using (MAXGH+1)/6 cards

XX(1)

XX(2)

Group boundary 1.

Group boundary 2.

If IEU=3, the set gives the
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! Item Cols. Name
i _ MAXG XX (MAXG) Group boundary MAXG.
| MAXGL XX(MAXG+l) Group boundary MAXG+1.

If TEU=3, XX is denoted as EGRP; if IEU=4, XX is denoted as UGRP.

Card 7 (4E12.5)

This card gives o0p. uOp, o and Ug+g for the thermal group. The
card is required only if IPUN (Card 2) = 2 or 3 and N0O40 (Card 2) = 0.

1 1-12 SIGA Op
2 13-24 NU-SIGF VOR
3 25-36 SIGT Ot
4 37-48 SIG-GG Ugrg
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6. Sample Input and Cutput

A sample probiem is presented for iron, ENDF/B-IV Mat. No. 1192
in a 26-group structure. The weighting function was a 1/E spectrum
jointed with a fission spectrum. Resolved and unresolved resonance data
were used to generate contributions to the smooth cross sections. The
Py elastic scatteriﬁg transfer coefficients, inelastic and (n,2n)
scattering materices, atomic displacement cross sections and energy
deposition coefficients were generated in ANISN format.

The input data for the sample problem and an abbreviated list of

the output are given in the Appendix C.
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Appendix A Descriptjons of Subroutines Added to SUPERTOG

A.l Displacement cross section and heat generation coefficient

A.1.1 Subroutine VDIMEN
VDIMEN sets the locations for each array in the variable dimension.
If the last location exceeds the maximum size, error message is written
and the execution is termiﬁated.
called from: ETOG
definition of variables;
LADR : location of the group averaged value ﬁ(g)
LADF : location of the group averaged value F(t)

LADH location of the group averaged value ﬁ(g)

.

LADE : location of the fine group energy structure
LADY : location of F(E) for fine group |

LADHH : Jlocation of R(E) for fine group

LADXE
LADXL : location of the energy at which Legendre

location of cross section

coefficients are given

LADYL. : 1location of Legendre coefficients
LAD1 : location of zeros of Legendre polynomial P, (u)
LAD2 : location of the weighting function in Gauss

integration
LAD3 : location of temporary area
LAD4 : location of temporary area
LADTTA : 1location of the Q value
LLAST : last location

A.1.2 Subroutine FCNTR1

FCNTRL is a cortrol program to calculate F(E) and H(E) due to the
elastic scattering. Total elastic scattering cross sections of fine
groups, one group of which is divided into NEPONT points, are calculated
in the subroutine STELAS called from subroutine GADD, and stored in
file 80.. The Legendre coefficient f;(E) is given by the tabulated
function in ENDF/B, File 4, MI=2, and these coefficients are stored in
file 81 in the subroutine TRANS. The F(E) and R{E) are calculated at
NEPONT points for each group and are averaged by using the weighting

function.
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called from: ETOG
subroutine called: ELASOO, GRPAVG, 0OUT000, CUTO01 OUTO002

definition of variables;

RBAR : group averaged value of R(E)=F(E)/o(E)
FBAR : group averaged value of F(E)

HBAR : .group averaged value of H(E)

GKL t KL

AL AL

ETAl Tom

ETA2  :

GAMMA ¢ vy _
XELAS : total elastic scattering cross section
YYYY : F(E) for fine group

HHHH : H(E) for fine group




N —

Subroutine FCNTRI1

Clear the area of total
value for all reactions

JAERI-M 6935

Print input value

CALL GRPAVG

Calculate group averaged
value F(g)

Set following wvalues
kL, AL, n;, Ng, and Y

!

H(E)= %%oe(E)*H(E)

!

CALL ELASOO

Calculate R(E) and H(E)
of elastic scattering
for fine group

CALL OUTO001
Print H(E) wvalue

&

CALL OUTO001
Print R(E) wvalue

CALL GRPAVG
Calculate group averaged

value H(g)

Add F(g) and H(g) to the

CALL GRPAVG

Calculate group
averaged value R(g)

l

CALL 0OUTOO1

Print R{g) value

!

F(E)=0e (E)*R(E)

!

CALL OUT001
Print F(E) wvalue

| total value

Have all groups
been calculated?

CALL OUTOO0O0

Print group averaged
values F(g) and H(g)

RETURN
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A.1.3 Subroutine FCNIR2
FCNTR2 is a control program to calculate F(E) and H(E) due to the
(n,2n) reaction. The total {(n,2n) fine group cross sections are cal-
culated in the subroutine SUBMAX called from ETOG, and stored in file
86. The energy distribution of secondary neutrons is stored in file 85
in the subroutine EVAPOF which is called from ETOG. When this energy
distribution is not the evaporation spectrum (ENDF/B, File 5, LF=9),
this subroutine is not called.
called from: ETOG
subroutine called: EVAPOM, ED&4SGl, SAVENW, GRPAVG, OUTO0O0O,
OUT001, OUT002 )
definition of variables;
RBAR : group averaged value of R(E)=F(E)/o(E)
FBAR

group averaged value of F(E)

HBAR : group averaged value of H(E)

YYYY : F(E) for fine group
HHHH : H(E) for fine group
THETAE : effective evaporation temperature

EMNMN2, THRSH2 : threshold energy of (n,2n) reaction

EO : lower limit energy of integral variable in Eq. (27)
MLOWO : group number in which Eg is located
MLOW1 : lowest group number in which (n,2n) reaction occurs



e
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Subroutine FCNTR2

{ START ’

Set MLOWO and MLOW1

NO

CALL EVAPOM

Calculate the integral

E ! ~F/ © T '
T, -1Fme T+K g (AT MIE

CALL ED4SG1

Calculate F(E) using the above
value and calculate R(E)

CALL OUT0O0L
Print R(E), F(E) and H(E)

CALL GRPAVG

Calculate group averaged values

(g), F(g) and H(g)

Have all groups

been calculated?

CALL OUT000
Print R(g), F(g) and H(g)

RETURN
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A.1.3 Subroutine FCNTR3

FCNTR3 is a control program to calculate F{(E) and R(E) due to the
inelastic scattéring. The cross sections at the resolved and continuum
"region stored in file 04 by the subroutine CROS are collapsed to the f
ine group cross sections in subroutine INELAD. The cross sections for
resolved levels are stored in file 82 with the direct access format,
and those for the continuum part are stored in file 83. The F(E) and
R(E) for resolved part are calculated for each resolved level. Energy
distribution of secondary neutrons for continuum part is stored in
file 81 by the subroutine EVAPOF which is called from the subroutine
INELAS. When this energy distribution is not given by evaporation
spectrum, the calculation for continuum part is not executed like the
case of the (n,2n) reaction.

called from: INELAS

subroutine called: INELAD, INELAO, EVAPOM, ED4SG, GRPAVG,

_ _ oUT000, OUT001, OUTQ02
definitidn of variables;
.BRAR ! group average value of R(E)

FBAR group average value of F(E)

X3

HBAR : group average value of H(E)

-

NLEVEL : number of resolved leveis

. THET3 :  energy for eécﬁ resclved level

FE8L ¢ TF(E) for fine group

SIGMBL : total inelastic scattering cross section for
' résolved part

HE81 : H(E) for fine group




JAERI-M 6935

Subroutine FCNTR3

START

CALL INELAD

Collapse inelastic cross
section at NEPONT points
into one group

DO M=1, MAXG

| |

Clear F(J), H(J) and SIG(J)

¥

> DO N=1, NLEVEL |

- CALL 0OUTO001

Print R(J), F(J) and H(J)

CALL INELAO

Calculate R(E) for resolved
part

DO J=1, NEPONT

;

_ N
F(J)—F(J)+Oin(J)*R(J)

!

_ N
SI6(J)=SIG(I)+o, (I)

=R 40} (@) BT - o)

\
R(J)=F{(J)/SIG(JT)

CALL GRPAVG

Calculate group averaged
values R(g), F(g) and H(g)

!

CALL QUTOOC
Print R(g), F(g) and H(g)

to next page
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from previous page

1

Set MLOWO and MLOW1

CALL EVAPOM

Calculate the integral

T

——— - dudE’
T+ eAD ¥

E 1 ~Ep/0
for
£y . Fn

NO

CALL ES4SG

Calculate F(E) using the above
value and calculate R(E)

CALL OUT001
Print R(E), F(E) and H(E)

CALL GRPAVG

Calculate group averaged values
R(g), F(g) and H(g)

Have all group

been calculated?

CALL 0UT000

Print R(g), F(g) and H(g)

RETURN



JAERI-M 6935

A.1.4 Subroutine EVAPOM

‘ START )

CALL SAVE

Read effective evaporation
temperature THETA

M < MLOWI

NO
— °T M < MLOWO RETURN
NO .
' - NO to next
M=MLOWO+1 page
DO J=1, NEPONT . ———————= DO J=1, NEPONT
YES
NO
Set upper and lower CALL GAUSSO
limits of integration, : EGR?(M)

E and Eg GTMP= J.J_ £(E,Ey) vdudEy
EO

CALL GAUSSO

E(Jg
G(I)= [ f_lf(E,Em)vdudEm
EO
RETURN - CALL GAUSSO
y E(J,%
GIH=rf 1f(E,Em)vdudEm
EGRP (M)
!
¥

G(J)=G(J)+GTMP

RETURN
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from previous page

MIMP=M- (MLOWO+1)

[’ Do J=1, NEPONT_F:

YES
S0 Pehgeem
NO
¥
[ Do MM=1, MTMP |
MMM=MLOWO-HM
¥
CALL GAUSSO
EGRP (MMM+1)
GTMP1= [ [ly£(E,Eq)vdndEp
EGRP (MMM) -
CALL GAUSSO
E(D) 1
G(IN)= [ J £(E,Ep)ydudEnp
[ cmvp2-crvp2+GTMP1 | EGRP (1)1

-

CALL GAUSSO G(J)=G(J)+GTMP2

EGRP (MLOWO+1) .

) 1
CTMP= [ [_ £(E,Ep)vdudEy
Eo ( RETURN )

GTMP2=GTMP2+GTMP

l




JAERI-M 6935

A.1.5 Subroutine ELASOO

v

DO M=1, NL+1

CALL SAVE

Read cross sections from F80
LIBKLZ: No. of interpolating

points YES
NBT, JNT: interpolating table
E, XELAS: energy and x-sec
NO
CALL GAUSS
Is this material XMAXMU
hydrogen?
YE = fP(E,u)vdu
-1
Read Legendre coefficients YES
KPIM : No. of energy peints
NL : maximum order of f
XL,YL: energy and coefficient NO
t CALL TERPO
- |
DO I=1, NEPONT |— Interpolate Legendre
coefficient with
energy ETP, FLE is
an interpolated value
NO _ '
Eq/y < E(I)

YES
YES

Set upper limit of integration,
XMAXMU, and No. of mesh points of
integration, IMUNO1l H(I)=E(I) (1-FLE)

IITHHH=1
a = YE(I)/(4Eq)

NO

22+1

R(I)=0.0 R(I)=R(I)+a 2 FLE#YE
IITHHH=1
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A.1.6 Subroutine INELAO

Read inelastic cross section
for resolved level N and group M

LBK34: NEPONT
E ! energy
BLOK4: cross section

DO I=1, LBK34

YES
, NO

CALL GAUSS1
L T

YE | ThagGn
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A.1.7 Subroutine FCNTR4

START

(n,y) reaction
exists?

YES

CALL NGNPNA

Calculate F(E) and R(E)
for (n,y) reaction

(n,p) reactiod
exists?

YES

CALL NGNPNA

Calculate F(E) and R(E)
for (n,p) reaction

\\
NO
(n,a) reaction

exists?

CALL NGNPNA
Calculate F(E) and R(E) for (n,a} reaction

Fission i;;::;;;\\\““ NO

exists?

YES

Calculate R(E) for fission reaction

e

PR

¥

[ Print total F(E) and H(E) of all reactions

\

‘ RETURN ,
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T

A.1.8 Subroutine NGNPNA

1 START ’

Set My, Mp, Ma

CALL FETCH

Fetch weighting function from
COMMON RECS

CALL TERPO

‘Interpolate weighting function
with E(1)

¥

DO M=1, MAXG
E <

CALL TERPO

Interpolate weighting function
with E(M+1)

Calculate averaged energy for
group M

=1(N,Y)

)

CALL NGFUNC
Calculate v{T)

Calculate F(E)
and H{E)

=3(n,a)
KIND

‘\\\‘I":;}n,p)

CALYL NPFUNC
Calculate v(T)

'

Calculate F(E)
and H(E)

[

CALL NAFUNC
Calculate v(T)

l

Calculate F{E)
and H(E)

|

\
CALL OUTQOG
print F(E) and H(E)

{ RETURN
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A.1.9 Other subroutines

1.

GAUSS
called from: ELASQOQ
subroutine called: XWEIGO, GNUE, LEGDDN

b
calculate . féPn(u)G(E,u)du by Gauss-Legendre method.

XWEIGO
called from: GAUSS
obtain pj(i=l, -—-,n) satisfying P (u) = 0 and its corresponding
weights
GNUE
called from: GAUSS
1

N S
calculate G TH g (ALT)
LEGDDN
called from: GAUSS
calculate the Legendre polynomial P, (u)

INELAD
called from: FCNTR3
subroutine called: SAVE, TERPO, DFILE
collapse inelastic scattering cross section for resolved and

continuum part

GAUSS1
called from: INELAO
subroutine called: GNUEL

1
calculate / G(E,u) du by Gauss-integral method
-1 :
GNUE1
called from: GAUSS1
alculate G = S S—
eae T+k; g (A T)



10.

11.

12.

13.

14.

15.
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TMFS5NW
called from: ETOG, INELAS
subroutine called: SAVE

store energy distribution of secondary neutrons

EVAPOF
called from: ETOG, INELAS

subroutine called: SAVE, SUBMAX
convert the format of energy distribution

GAUSSO
called from: EVAPOM
subroutine called: KWEIGO, GNUE2Z2, GNUE3

1
calculate IE f 1F-G dydE' by Gauss—integral method where F and G
o -

are shown at GNUE2 and GNUE3 in the below:

GNUE2
called from: GAUSSO
calculate F = T(E for inelastic scattering

GNUE3
called from: GAUSSO
E,(E') exp (-E,(E')/8(E)) for inelastic scattering

It

calculate G

ED4SG
called from: FCNTR3
subroutine called: SAVE
calculate F(E) for inelastic scattering reaction in the continuum

region using integrated values.

GNUE4
called from: GAUSSO
T .
calculgte F = TH g e (A1) for (n,2n) reaction

ED4SGl
called from: FCNTR2
subroutine called: SAVE

calculate F(E) for (m,2n) reaction using integrated values.



16.

i7.

18,

19.

20.

21

22.

23.
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N2NCRS
called from: CROS
subroutine called: SAVE

store (n,2n) corss section (MF=3, MT=16)

MGFUNC
called from: NGNPNA
subroutine called: GALT

calculate recoil energy T and v(T) for (m,y) reaction

NPFUNC
called from: NENPNA
subroutine called: GALT

calculate recoil energy T and v(T) for (m,p) reaction

NAFUNC
called from: NGNPNA
subroutine called: GALT

calculate recoil energy T and v(T) for_(n,a) reaction

GALT
called from: NGFUNC, NPFUNC, NAFUNC

calculate v(T) for given T value

SUBMAX

called from: EVAPOF

subroutine called: SAVE, TERPO

interpolate any data into NEPONT mesh -points for each group and

store the results.

STELAS

called from: GADD

subroutine called: TERPO, SAVE

collapse elastic scattering cross section at NEPONT points for

each group and store the results

GRPAVG
called from: FCNTR1, FCNTR2, FCNTR3




JAERI-M 6935

subroutine called: GPAVNW

set constants to calculate group averaged value

24, GPAVNW
called from: GRPAVG
subroutine called: STORE, ERR, GRATE, CRAV, COMB

average fine group cross sections using weighting function

25. 0UTQ00
called from: FCNTR1, FCNTR2, FCNTR3, NGNPNA, FCNTR4

print group averaged values ﬁg,.fg and EE

26. OUTQO1
called from: FCNTR1l, FCNTR2, FCNTR3, NGNPNA
print fine group values R(E), F(E) and H(E)

27. O0UT002
called from: FCNTR1, FCNTR2, FCNTR3

print title statement for each reaction type

A.2 Elastic scattering matrix

The subroutines concerned with elastic scattering matrix calculations

are as follows:

1. TABLET2
called from: TMF4
read the angular distribution in the form of tabular data from

ENDF/B file 4

2. PTOFL
called from: TMF4
subroutine called: PINTEG

transfer the calculated Legendre coefficients to the common data area.
3. PINTEG, SIMPSN and LEGDD

called from: PTOFL

calculate the Legendre coefficients by the Simpson integral method
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SUBNW4
called from: TRANS

add o5 (MAXG*MAXG+L) to og (MAXG>MAXG) if input value NO4O (4$%)
is 1
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A.3 Tnelastic scattering matrix

A.3.1 Subroutine CONTUM

START
CALL READIN CALL GPAV
Calculate a pairing Average resulting
energy probabilities over
next group 1T exit groups

Set upper energy, EEI’ and lower Normalize probabilities
energy, ELO, for this group
to 1.0
YES
cont '_ . '
9 (Emrg ') "TROP P(Eq*g')
NO

Set secondary neutron energy

by 0.01 lethargy I M=M+1 l

Set initial neutron energy,

EAVG
50 '

U((!Ot'lt‘)= 5 U(Em+gl)/5o
CALL TERPO 878 ) p=1
Interpolate cross section,
PROB, with EAVG
PRogzcggntlnum/ozztal o (g ‘)=Udiscrete Gcont

BTE 70 (grg") U (gre")

CALL EMATRX

lave all groups
been calculated?

Calculate scattering matrix
by level density model
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A.3.2 Subroutines EMATRX and SNIN

( START )

NO

Calculate residual Nucleus
energy
ERESD = EEE -~ EDASH

CALL SNIN

Calculate scattering matrix for
ERESD energy

ave all secondary
energies been calculated?

RETURN

( START )

CALL SIGMAC

Calculate compound
nucleus cross sections,
oc(E-€)

Pairing energy and
shell correction,
pads

Y

CALL LEVDEN

Calculate level
density, W(e)

p(E,E-¢) = 0c(E-¢) W(e)

(RETURN )
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A.3.3 Other subroutines

1.

3.

READIN
- called from: CONTUM
subroutine called: HOSEI

calls HOSEI and print important information

LEDVEN

called from: SNIN

subroutine called: AAQAAl

'calculate level density parameter by Newton or Gilbert-Cameron

formula, and calculate level density W(e)

AAQAAL
called from: LEVDEN

calculate level density parameter by Newton's equation

SIGMAC

called from: SNIN

calculate compound crogs section in inverse process

HOSEL
called from: READIN
calculate pairing energy and shell correction for neutrons and

protons
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Appendix B Overlay Structure for SUPERTOG-JR

Segment Subroutines

SEG10 FTMAIN DFILE

SEGL1 ETOG TPOS LLST CONT TAB1 TAB2
SAVE XTND AVRG FETCH STORE ERROR
ERR CRAV GPAV ADD COMB SUB
MULT DIV TERP TERP1 TERP2 LRIDS
FPDS IPDS TERPO COMBP GRATE ECSI
DELETE TRID TMAT HOLL TMF3 TMF5
OUT000 OUTO01 0UT002 MISS GRPAVG GPAVNW
XWEIGO SAVENW SUBMAX :

SEG12 TMF1 EU ZERO ININ GENT1 OUT1
KERN FISS CHECK SKPFIL

SEG13 TMF2 RESS MASH VOGAM TDEGK
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